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(54) Strip shape detecting apparatus 

(57) A strip shape detecting apparatus comprising a 
plurality of measurement rings axially arranged around 
an outer circumference of a f ixed shaft, characterized by 
a floating inner ring fitted to the fixed shaft via a load cell 
and an outer ring externally fitted to an outer circurnfer- 
ence of the floating inner ring so as to rotate freely. A 
cell portion containing a strain gauge sealed with an 
inert gas in a load cell is arranged with a cooling means 
to detect a shape of a high-temperature strip. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a shape detecting 
apparatus for measuring a shape of a strip by measur- 
ing a tension distribution online in a strip width direction 
of the strip, wherein the strip is traveling continuously. 
More particularly, the present invention relates to a 
shape detecting apparatus used in a high-temperature 
atmosphere such as in a hot strip rolling mill. 

Related Backaround Art 

In a technique for measuring a shape of a strip such 
as the flatness in a strip width direction, therein the strip 
is traveling continuously, a method of measuring a ten- 
sion distribution is generally employed. Therein, the ten- 
sion distribution is measured in the strip width direction 
which is generated when a tension is added to the strip 
The measured tension distribution in the strip width 
direction is considered a shape distribution in the strip 
width direction. 

In this type of technique for measuring the tension 
distribution in the strip width direction, various methods 
have been proposed. These include a technique of 
incorporating a load detector into a plurality of divided 
rolls arranged in a direction corresporKling to a traveling 
strip width and fitted to a fixed shaft, a technique of 
measuring a frequency of vibration or a displacement 
distribution in the strip width direction by supplying a 
forced vibration to the strip from the outside, and a tech- 
nique of measuring a grating space by means of an X- 
ray diffraction and utilizing a change of the grating 
space caused by an internal stress. 

With regard to the technique of incorporating the 
load detector into the divided roils fitted to the fixed 
shaft, various approaches of the technique have been 
put to practical use since its principle was proposed in 
Japanese Unexamined Patent Publication (Kokai) No. 
49-120665. A common concept is to arrange the divided 
rolls containing a load detecting mechanisrh for detect- 
ing a vertical component of a tension in a strip width 
direction in order to measure a tension distribution in the 
strip width direction. Based on this principle, there are 
conventionally proposed various rotary divided rolls as 
shown in Figs. 7 to 11 . Fig. 7 is an entire perspective 
view of a conventional shape detecting apparatus 21 
including divided rolls 23. 

Fig. 8 shows an example of four load cells 25 for 
detecting loads at 90° intervals incorporated into a steel 
core 26 and integrated into a sleeve 24 on an outer cir- 
cumference of a divided roll 23. In this manner the four 
load cells 25 detect loads of a strip 8 sequentially with a 
rotation of the steel core 26. In this case, a load detect- 
ing signal from each load cell 25 is output to the outside 
via a slip ring 27 installed outside the devided rolls posi- 


tioned at the both ends of an arrangement of devided 
rolls 23. The load detecting signal is not continuously 
output, but it is fetched as a discontinuous signal every 
1/4 rotation of the steel core 26 corresponding to the 

5 load cells 25. 

Fig. 9 shows an example of a divided roll 23 having 
the same basic structure as one shown in Fig. 8. except 
that a piezo-eiectric element 28 for detecting a load is 
incorporated into the surface of the steel core 26. 

10 Although a load signal is fetched from the piezo-electric 
element 28 in the same manner as for one in Fig. 8, in 
this example, one signal is fetched only once every rota- 
tion of the sleeve 24. 

Fig. 10 shows an example of a shape detecting 

15 apparatus 21 in which a measurement ring having an air 
bearing structure is applied. A sleeve 24 is fitted around 
a bearing 29, having a structure that the sleeve 24 and 
the bearing 29 are held at a given distance front each 
other by blowing compressed air, introduced from an air 

20 inlet 32 against an inside wall of the sleeve 24 through 
many outlets 31 from the inside of the bearing 29. A 
load generated by a strip tension applied on the surface 
of the sleeve 24 is taken out to the outside from air pres- 
sure detecting ports 30 opposing each other at an angle 

25 of 180** in a vertical direction through each air pressure 
detecting conduit 33 and an upper air outlet 34 or a 
lower air outlet 35 as a gap between upper and lower air 
bearings of the bearing 29, that is. an air pressure differ- 
ence, and then detected as its differentiat pressure. 

30 Rg. 11 illustrates a structure of the divided roll 23 
proposed in Japanese Unexamined Patent Publication 
(Kokai) No. 4-262812, whose object is to measure a 
shape of a high-temperature strip S. particularly of a hot 
rolled strip. This apparatus detects a vertical load 

35 caused by a strip tension by means of a load cell 25 
through an inner ring 37 inside a bearing 36 fitted on an 
inner surface of a sleeve 24. A fluctuation of the load 
caused by a thermal expansion of the entire apparatus 
Is offset by controlling a pressure adjusting device 38 for 

40 applying a given pre-load to the load cell 25. 

Techniques of measuring a vibration frequency or a 
displacement distribution in a width direction by giving a 
forced vibration from the outside to a strip are proposed 
in Japanese Unexamined Patent Publication (Kokai) 6- 

45 43051 or Japanese Unexamined Patent Publication 
(Kokai) No. 6-249725. These techniques calculate a 
tension distribution in a strip width direction by causing 
a vibration from blowing a high-pressure compressed 
air against a strip and measuring an amplitude or a fre- 

50 quency of the vibration by using a plurality of distance 
measuring dev/ices set in the strip width direction. 

When measuring a shape of a strip rolled by a hot 
rolling mill, particularly at a temperature of 250°C or 
higher several problems associated with the conven- 
55 tional device and methods become apparent. These 
problems include the following. 

In the systems shown in Figs. 8 and 9, the load cell 
25, the piezo-electric element 28, or other load detector 
is integrated into a steel core 26 embedded at the sur- 


BNSCXXIO: <EP 0775890A1_I_> 


3 


EP0 775 890 A1 


4 


face of the core. This results in a problem from a heat 
resistance viewpoint if the detector is directly brought 
into contact with a strip at a high temperature at meas- 
uring. Although the heat resistance temperature upper 
limit of these load detectors is generally 200°C, an 5 
actual upper limit of use from a practical standpoint is 
180°C. In addition, these techniques require fetching an 
output from each divided roll via the slip ring 27 and also 
need a motor for driving the roll. This leads to problems 
concerning maintaining the system. Furthermore, load 10 
detectors are discontinuously arranged on an outer cir- 
cumference of the steel core In these techniques and 
therefore a detection output Is necessarily discontinu- 
ous, which leads to complicated signal processing for 
obtaining a shape distribution. 75 

In the technique shown in Fig. 10, a continuous out- 
put is obtained and signal processing from a detector is 
easy since a detecting section is air bearing and fixed to 
. ; Ihe f Ixed^fiatt sideTit; however, had~a^^ a 
compressed air is expanded due to heat dissipation 20 
from a strip when measuring a shape of the strip, partic- 
ularly at a high, temperature, since a fine fluctuation of 
an air pressure affects a result of the measurement sig- 
nificantly due to an air bearing structure. Additionally, 
this structure has as small as tens of kilograms of a 25 
resistance to load per measurement ring since an air 
bearing is adopted ahd thlerefbre it is imfiossible to use 
the structure to measure a shape of a strip to be rolled 
with a high tension. 

Although a basic concept of the technique shown in 30 
Fig. 1 1 is the same as for the technique shown in Fig. 
10. a norn^l bearing is used instead of an air bearing 
and a load cell is arranged for each divided roll for 
detecting a load. Therefore signal processing is easy 
and the load cells can be cooled down so as to endure 35 
a high temperature. It, however, requires accounting far 
and cancellation of a fluctuation caused by a thermal 
expansion. This is accdhnpllshed by adjusting a pres- 
sure of a spring, due to an adopted structure that a 
given pre-load is always applied to the load cells by an 40 
adjusting device such as a spring; hence a structure of 
the divided roll is complicated and the measured value 
becomes inaccurate. 

As for the technique of calculating a tension distri- 
bution of a strip l>ased on a frequency component of a 45 
vibration given to the strip, there is a possibility that a 
measured value becomes inaccurate due to effects of a 
temperature distribution or the like in a strip width direc- 
tion. 

50 

SUMMARY OF THE INVENTION 

The invention therefore provides an apparatus- for =. 
detecting and measuring a shape of a continuously 
traveling strip. ss 

The invention further provides an apparatus for 
detecting and measuring a shape of a continuously 
traveling strip by measuring a tension distribution in a 
width direction of the strip. 


The invention further provides an apparatus for 
detecting and measuring a shape of a continuously 
traveling strip in a high temperature atmosphere such 
as a hot strip rolling mill. 

The present invention provides these and other fea- 
tures in an apparatus having a plurality of measurement 
rings which are axially arranged around an outer cir- 
cumference of a fixed shaft. The apparatus further 
includes a floating inner ring fitted to the fixed shaft via 
a load cell and an outer ring externally fitted to the outer 
circumference of the fbating inner ring so as to rotate 
freely. 

In addition, this invention includes a ceil having a 
strain gauge in a central portion of the toad cell wherein 
the gauge is sealed with an inert gas. The present 
Invention further includes an external cooling means 
arranged in the load cell. 

A more complete understanding of the present 
Inyeniiqn can be obtained- by considering the follawing 
detailed description in conjunction with the accompany- 
ing drawings, wherein like index numerals indicate like 
parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is an entire perspective view of an embodi- 
ment of a shape detecting apparatus of the present 
invention; 

Rg. 2 is an elevational section view of an embodi- 
ment of a measurement ring of the shape detecting 
apparatus of the present invention; 
Rg. 3 is an elevational section view of another 
embodiment of a measurement ring of the shape 
detecting apparatus of the present invention; 
Rg. 4 is a expanded view of a cell portion of a 
measurement ring of the present invention as illus- 
trated in Figured; 

Rg. 5 is a block diagram of an embodiment of a roll- 
ing mill including which a shape detecting appara- 
tus of the present invention; 
Rg. 6 is a sectional side view of an embodiment of 
the shape detecting apparatus of the present inven- 
tion; 

Rg. 7 is an entire perspective view of a conven- 
tional shape detecting apparatus; 
Fig. 8 is an elevational section view of a divided roll 
of a conventional shape detecting apparatus; 
Fig. 9 is an elevational section view of a divided roll 
of another conventional shape detecting apparatus; 
Rg. 10 is a sectional side view of another conven- 
tional shape detecting apparatus; and 
Fig. 11 is an elevational section view of a divided 
roll of another conventional shape detecting appa- 
ratus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A shape detecting apparatus of this invention com- 
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prises a plurality of measurement rings. These meas- 
urement rings each have a configuration of an entire 
ball bearing considered as if it is a load cell structure 
with an inner race of the ball bearing fastened to a fixed 
shaft via a load cell. 

In other words, the shape detecting apparatus is 
integrated into the fixed shaft by arranging a plurality of 
measurement rings in a strip width direction each hav- 
ing an outer ring arranged so as to rotate freely around 
the outer circumference of a floating inner ring which 
shapes an outer circumference portion of a load cell. 

An operation of this invention are described below 
in further detail. 

Since the entire Inner ring is a load cell structure, a 
load detector is not directly brought into contact with a 
strip and it does not require compensation for fluctua- 
tions of a load caused by thermal expansion. Hence a 
shape can be measured stably in a simple structure. It 
is.also possible to.measure a .shape.of a strip not only in 
the normal temperature region but also at temperatures 
of 250°C or higher. Furthermore, it is also possible to 
- measure a shape of a hot rolled strip at a high tempera- 
ture by arranging a strain gauge, which has been put 
into a cell portion sealed with an inert gas such as N2. 
. at the central portion of the load cell and then cooling 
the outside of the cell portion by means of a cooled air. 

In addition, an output from the detector is continu- 
ous and a signal processing circuit is sinnple. Since the 
detection output can be fetched from a spatially-fixed 
inner ring, a slip ring like a conventional one is unneces- 
sary, which leads to a good maintainability. Further, 
since an outer ring is used as an external ring rotating 
freely being fitted via balls for each measurement ring, 
a driving motor like a conventional one is unnecessary 
and therefore it allows for a shape detecting apparatus 
which has a sinnple structure and a low cost. 

Rgs. 1,2.3, and 4 illustrate a structure of a shape 
detecting apparatus 1 of the present invention. Figure 2 
illustrates a configuration of a measurement ring 2 of a 
first embodiment. Fig. 3 illustrates a configuration of 
another emtxxliment of measurement ring 2, and Fig. 4 
illustrates a partially expanded diagram of Fig. 3. 

Fig. 2 is a sectional configuration diagram of the 
measurement ring 2 viewed from a front. The measure- 
ment ring 2 has a structure having a cylindrical load cell 
6 fixed to a fixed shaft 11 . a bearing 5 arranged around 
its outer circumference, and an outer ring 4 integrated 
further around its outer circumference ad an external 
ring to rotate freely The load cell 6 comprises a floating 
inner ring 7 which shapes an outer circumference por- 
tion, a fixed inner ring 8 which shapes an inner circum- 
ference portion to be fixed to the fixed shaft 1 1 with a 
key 12, cell portions 9 for connecting the f bating inner 
ring 7 to the fixed inner ring 8. and a hollow portion 10. 
The cell portions 9 are disposed between the floating 
inner ring 7 and the fixed inner ring 8» and symmetrically 
to the fixed shaft 1 1 which is inserted between the cell 
portions 9, being fixed with caulking or by using keys at 
ends of the fixed inner ring 8. In addition, the cell por- 


tions 9 have a load measuring means. Further, the cell 
portions 9 include a gauge insertion port 13, in which a 
strain gauge, serving as the load measurement means, 
is housed. The insertion port 13 is sealed with an inert 

5 gas such as H2. In the hollow portion 10, an air inlet 
tube 15 and an oil mist inlet tube 1 6 are arranged in par- 
allel with the fixed shaft 1 1 to blow a cooled air to the 
outside of the cell portions 9 and an oil mist to the bear- 
ing 5. respectively 

10 Rg. 3 is a sectional configuration diagram viewed 
from the front, illustrating another embodiment of the 
measurement ring 2, and Fig. 4 is a partially expanded 
diagram of Fig. 3. 

Although a configuration of the measurement ring 2 

15 shown in Fig. 3 is basically the same as the measure- 
ment ring 2 shown in Fig. 2, a structure of tiie cell por- 
tions 9 is not identical. Specifically, instead of the 
independent cell portions 9 as illustrated in Fig. 3, the 

- /flqating inner ring- 7. the fixed inner ring .8, and the cell 

20 portion 9 are integrated into a single structure having 
hollow portion 10. As illustrated in Fig, 4, tiie cell portion 
9 has a gauge insertion port 13; a strain gauge 14 is put 
in the gauge insertion port 13 and tiien an inert gas is 
entered into it and sealed with a lid. The lid is fixed witii 

25 vyelding. Jn the hollow portion 10.^ an .air inlet tube 15 
:s. and an oM mist inlet tube 16 are arranged in parallel with 
a fixed shaft 1 1 to blow a cooled air to the outside of the 
cell portion 9 and an oil mist to a bearing 5. respectively 
The shape detecting apparatus of this invention has 

30 the above structure and therefore it is resistant to a bad 
environment such as a high tenrperature or humidity, so 
that it is optimum for measuring, particularly a shape of 
a strip at a high temperature such as a hot rolled strip. 
Fig. 1 shows an entire structure of the shape 

35 detecting apparatus into which measurement rings 2 
are integrated according to the present invention. To 
connect the adjacent measurement rings 2, the meas- 

^urement rings 2 shown in Fig. 2 are, sequentially put 

around the straight fixed shaft 1 1 being fixed with a key 

40 12 so as to obtain a shape measurement roll 3 inte- 
grated as a whole. Load detection outputs from each 
measurement ring 2 are fetched to the outside through 
the hollow portion 10 which is inside the measurement 
rings 2 and they are subjected to signal processing to 

45 obtain a tension distribution in the strip width direction. 

Rg. 5 shows an example of using a shape detecting 
apparatus 1 of the present invention for a Sendzimir mill 
41 for rolling a strip 8 wound around winders 42 and 45. 
The shape detecting apparatus 1 , each having a meas- 

50 urement roll 3 with ten measurement rings 2 having an 
outer diameter of 352 mm and a widtii of 140 mm fitted 
to the fixed shaft 11 in the width direction, are set in 
input and output sides of the mill, respectively Although 
the shape detecting apparatuses 1 are arranged beside 

55 deflection rolls 43 and 44 for winding coils in this exam- 
ple, naturally it is possible to use them also as deflection 
rolls 43 and 44. By using the shape detecting appara- 
tuses of this invention, freedom of an outer diameter or 
a width of the measurement rings is significantiy 
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increased compared with divided rolls of the conven- 
tional apparatuses, and it becomes possible to make 
measurement rings having a small outer diameter of 
approx. 100 mm or a width of 200 mm. Accordingly, a 
tension distribution measuring density in the strip width 5 
direction can be arbitrarily changed within a range of 25 
to 200 mm. 

Fig. 6 is a sectional side view of the shape detecting 
apparatus of the embodimerit shorn In Fig. 5. illustrating 
a state that the shape detecting apparatuses of this 10 
invention shown in Rg. 1 at the back end front of the mill 
41 being put on rests 19. 

The air inlet tube 15 and the oil mist inlet tube 16 
run through the hollow portion 10 formed inside the 
measurement rings 2 in parallel with the fixed shaft 11 is 
from an end of the measurement roll 3 of the shape 
detecting apparatus 1 , Many air blow-off ports are pro- 
vided around the air inlet tube 1 5 so as to supply a high- 
pressure air for cooiing in ahd aboui the^ h . 
10 from the ports. In addition, an oil mist for lubrication 20 
is Wovyn into, the bearing 5 from spray nozzles 1 7 con- 
nected to the oil mist inlet tube-1 6 in spaces 18 gener- 
ated by different widths between the outer rings 4 of the 
measurement rings 2 and the floating inner rings 7. This 
blowing cools the strain gauge and .the floating inner _ 25 
rings 7 and lubricates the bearing 5. Furthermore, the ^ " 
shape detecting apparatus t'does'riot require any driv--' " 
ing motor such as a conventional one since it has an 
outer ring 4 rotating freely via balls as an external ring 
for each measurement ring 2. 30. 

Load detecting outputs from respective measure- 
ment rings are fetched to the outside from ends of the 
shape detecting apparatuses 1 and then entered into a 
signal processing unit 51 . Then, a tension distribution in - . 
the strip width direction is obtained by calculating the 35 
outputs and displayed on.a display unit 53. If a shape is 
controlled, an output from the signal processing unit 51 
is transmitted to a pressure contror unit 52 to calculate" 
an operation output of the mill and then a pressure reg- 
ulation in the strip width direction is performed by using 40 
a Sendzimir mill 41. 

This invention has the following effects: 

Firstly, it is possible to detect a shape at a high tem- 
perature. Since the entire apparatus is a load cell struc- 
ture, a load detector is not directly brought into contact 45 
with a strip unlike the conventional shape detecting 
apparatuses. 

Furthermore, it becomes possible to detect a shape 
of a strip at a 250°C or higher temperature, in other 
words, a hot rolled strip by putting a strain gauge in the so 
central portion of a load cell sealed by using an inert gas 
such as N2, arranging it in the central portion of an inner 
ring of a bearing, and then cooling the outside of the cell 
by using a cooling gas. 

Secondly, it has a simple structure. Since the entire ss 
inner ring is a load cult structure, it is unnecessary to 
remove a load fluctuation caused by a thermal expan- 
sion and a shape can be detected stably in a simple 
structure. Furthermore, since a diameter and a width of 


the measurement rings can be significantly changed 
conpared with the conventional ones, it becomes pos- 
sible to install a shape detecting apparatus also in a 
small space where conventionally it has been impossi- 
ble and the number of combined measurement rings 
can be changed; hence it becomes possible to make a 
shape detecting apparatus having a required resolution. 

Thirdly, it Is available at a low cost. Outputs from tiie 
detecting apparatus are continuous and a signal 
processing circuit is not complicated unlike the conven- 
tional ones. In addition, outputs from the detecting 
apparatus can be fetched from spatially-fixed inner rings 
arxj therefore a slip ring like a conventional one is not 
needed so as to have good maintainability. Further, 
since an outer ring having balls is arranged as an exter- 
nal ring for each measurement ring, a driving motor like 
a conventional one is not needed. Therefore, it is possi- 
t^e to make a shape detecting apparatus which causes 
• iitiie faiiures-ai a^greatiy.^iow eosi compared with the 
conventional ones. 

Claims 

1 . A strip shape detecting apparatus comprising: 

a measurement ring comprising. 

a load call fixed about a fixed shaft; 
an outer ring arranged about ah outer cir- 
cumference of the load ceH wherein the 
outer ring rotates freely about the load cell. 

2. A strip shape detecting apparatus as recited in 
claim 1 , further comprising a plurality of the meas- 
urement rings axially arranged in a row along the 
fixed shaft, wherein the fixed shaft is arranged in a 
direction perpendicular to a direction of travel of a 

- measurable strip. 

3. A strip shape detecting apparatus as recited in 
claim 2, wherein the measurement rings further 
comprise a bearing arrangement between the load 
cell and the outer ring. 

4. A strip shape detecting apparatus as recited in 
claim 2, wherein the load cell comprises a floating 
ring defining an outer circumference portion of the 
load cell, a fixed inner ring defining an inner circum- 
ference portion of the load cell and a cell portion, 
connecting the floating ring and the fixed inner ring 
and including a housing for a load measuring 
means. 

5. A strip shape detecting apparatus as recited in 
claim 4. wherein the load measuring means is a 
strain gauge and the housing is supplied with an 
inert gas and sealed. 

6. A strip shape detecting apparatus as recited in 
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claim 4, wherein the outer circumference and the 
inner circumference define a hollow portion and 
wherein cooling means are arranged in the hollow 
portion. 

5 

7. A method of detecting a strip shape comprising the 
steps of: 

fixing a load cell to a shaft; 

arranging an outer ring aix)ut an outer circum- io 

ference of the load cell; 

engagingly passing a measurable strip. In a 
direction perpendicular to the shaft, over the 
outer ring; 

freely rotating the outer ring about the load cell is 
in response to the passing of the measurable 
strip. 


so 
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